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Abstract
Coronavirus Disease-19 (COVID-19), caused by the coronavirus SARS-CoV-2, was initially recognized in Wuhan, China
and subsequently spread to all continents. The disease primarily affects the lower respiratory system, but may involve other
organs and systems. Histopathologic evaluation of tissue from affected patients is crucial for diagnostic purposes, but also
for advancing our understanding of the disease. For that reason, we developed immunohistochemical (IHC) and in situ
hybridization (ISH) assays for detection of the. virus. A total of eight autopsy lungs, one placenta, and ten kidney biopsies
from COVID-19 patients were stained with a panel of commercially available antibodies for IHC and commercially
available RNA probes for ISH. Similarly, autopsy lungs, placentas and renal biopsies from non-COVID-19 patients were
stained with the same antibodies and probes. All eight lungs and the placenta from COVID-19 patients stained positive by
IHC and ISH, while the kidney biopsies stained negative by both methodologies. As expected, all specimens from non-
COVID-19 patients were IHC and ISH negative. These two assays represent a sensitive and specific method for detecting the
virus in tissue samples. We provide the protocols and the list of commercially available antibodies and probes for these
assays, so they can be readily implemented in pathology laboratories and medical examiner offices for diagnostic and
research purposes.

Introduction

Coronavirus Disease 2019 (COVID-19), a primarily
respiratory and occasionally multisystemic disease, is
caused by the novel beta-coronavirus Severe Acute
Respiratory Syndrome coronavirus 2 (SARS-CoV-2)
[1, 2]. Similar to the coronaviruses SARS-CoV respon-
sible for Severe Acute Respiratory Syndrome (SARS) and
MERS-CoV responsible for Middle East Respiratory
Syndrome (MERS), SARS-CoV-2 is a highly pathogenic
virus that is transmitted remarkably effectively and has

spread rapidly around the world after its initial recognition
in Wuhan, Hubei Province, China [1, 3]. Recently,
autopsy case series and biopsy specimens from
patients with COVID-19 have been presented in the lit-
erature [4–7]. Analysis of tissue from human subjects is
important in advancing our understanding of the patho-
genesis of this disease [8]. We have developed immuno-
histochemical (IHC) and in situ hybridization (ISH)
assays that can be used for tissue identification of the virus
and assessment of its distribution among different sites
and tissue types. Here we provide the protocols for such
assays, which can be implemented in the most anatomic
pathology laboratories. We also share the commercially
available antibodies and probes that were found to
effectively detect SARS-CoV-2 in our laboratory.

Methods

The study protocol conformed to the Declaration of Hel-
sinki principles and all study protocols were Institutional
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Review Board approved. All IHC assays were performed
on the Leica BOND-III platform (Leica, Wetzlar,
Germany) using formalin-fixed paraffin-embedded speci-
mens sectioned at 3 microns onto positively charged glass
slides. IHC antigen retrieval was performed using BOND
Epitope Retrieval Solution 2 (prediluted, pH 9.0; AR
9640) for 20 min at 100 °C. Specimens were incubated
with primary rabbit or mouse antibodies (suppliers and
appropriate dilutions provided in Table 1) for 15 min at
room temperature, followed by visualization with the
Leica Bond detection kit at room temperature (DS 9800).
The specimens were then counterstained with
hematoxylin.

RNA ISH was performed on the Leica BOND-III
platform (Leica, Wetzlar, Germany) using RNAScope
probes (ACD, Newark, CA) directed against SARS-CoV-
2, targeting 21631–23303 base pairs [9]. A negative
control probe to the bacterial gene diaminopimelate B
(DapB) was utilized to assess non-specific background
signals, as well as a positive control probe to the house-
keeping gene peptidylprolyl isomerase B (PPIB) for RNA
integrity were included within each run. The Leica Bond
RNAscope detection kit (catalog #DS9790) was utilized
per manufacturer’s instructions and is described below.
Tissue retrieval was performed at 95 °C for 15 min fol-
lowed by incubation with RNAscope protease for 15 min
at 40 °C. Probes were added and hybridized for 3 h at 42 °
C, using the following protocol AMP1 3,3′-diamino-
benzidine (DAB) (incubated for 30 min), AMP2 DAB
(15 min), AMP3 DAB (30 min), AMP4 DAB (for
15 min), AMP5 DAB (30 min), and AMP6 DAB (15 min)
were incubated followed by incubation with DAB for 20
min. Sections were counterstained with periodic acid-
Schiff.

Results

Tissue from patients with COVID-19 and control samples
were studied by both IHC and ISH. The samples from
patients with known COVID-19 infections included eight
autopsy lung samples, one placenta, and ten renal biopsies.
Control samples from patients without COVID-19 includ-
ing autopsy lungs, renal biopsies, and placenta samples
were also tested (Table 2). The antibodies and probes that
were found to be sensitive and specific for the detection of
SARS-CoV-2 are listed in Table 1 along with the dilution
used for detection.

Both IHC and ISH showed a similar pattern of reac-
tivity in all tissue samples from patients with COVID-19,
with complete concordance. All autopsy lung samples
showed focally positive cells for SARS-CoV-2 (Fig. 1).
Because strong staining obscured the morphologic details
of the positive cells, it was not always possible to deter-
mine with certainty whether the positive cells were
alveolar pneumocytes or capillary endothelial cells.
However, based on the shape of the positive cells and
their protrusion into airspaces from the edges of alveolar
septa, we interpreted them as alveolar pneumocytes. The
placenta showed strong positive staining of syncytio-
trophoblasts and cytotrophoblasts by both assays. The
kidney samples from COVID-19 samples were IHC and
ISH negative (Fig. 2). Tissue samples from all patients
without COVID-19 were all negative, including 5 autopsy
lungs, 5 placentas, and 15 kidneys. There was 100%
agreement between the IHC and ISH assays for the
detection of SARS-CoV-2 in all specimen types (Table 2).
All negative control slides were negative within the areas
that stained positive by both IHC and ISH.

Discussion

Histopathologic evaluation of biopsy and autopsy material
from COVID-19 patients is of critical importance to
understand the pathophysiology and distribution of the virus
within different organs and tissue types. The most remark-
able and best-described microscopic changes involve the
lungs, where affected patients frequently show character-
istic findings of early to more advanced stages of diffuse
alveolar damage, severe capillary congestion and

Table 1 Commercial antibodies
and probes for SARS-CoV-2
detection.

Company Product # Listed target Dilution

ACDBio 848568 SARS-CoV-2 RNA (21631–23303) Ready to use

Bioss BSM-41411M Recombinant SARS-CoV-2 Nucleocapsid protein (His-tag) 1:100

Bioss BSM-49131M Recombinant SARS Nucleocapsid protein (no tag) 1:400

Thermo MA1-7404 SARS nucleoprotein preparation 1:100

Table 2 Tissue samples from patients with COVID-19 stained by IHC
and ISH.

Organ (number of samples) # Positive by IHC # Positive by ISH

Lung from decedents with
COVID-19 (8)

8 8

Placenta from patient with
active COVID-19 (1)

1 1

Kidney from patient with
active COVID-19 (10)

0 0
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Fig. 1 SARS-CoV-2 IHC and ISH in lung. SARS-CoV-2 ISH (a–c)
and IHC (d–f) in lung parenchyma from the autopsy of a patient who
died secondary to COVID-19. Positive reaction for the (a) control
probes to the housekeeping gene peptidylprolyl isomerase B (PPIB) by
in situ hybridization confirms the presence of intact nucleic acid.
b There is a positive reaction for the probes directed against SARS-
CoV-2 (arrow) and c a negative reaction for the negative control

probes (bacterial gene dapB) in a serial section (Periodic acid-Schiff
counterstain; original magnifications ×200; bar= 50 µm). d–f Immu-
nohistochemical analysis for SARS-CoV-2 is positive (arrow) in the
tissue (d with higher power of outlined region in e) with negative
staining in the f negative control (hematoxylin counterstain; original
magnifications ×100 in D and ×200 in e and f; bar= 100 µm in d and
bar= 50 µm in e and f).

Fig. 2 SARS-CoV-2 IHC and ISH in kidney. ISH in a renal biopsy
tissue from a patient with active COVID-19 at the time of biopsy
shows (a) reactivity for the positive control probe to the housekeeping
gene peptidylprolyl isomerase B (PPIB) (original magnification ×400;
bar= 25 µm) and b, c negativity for the presence of SARS-CoV-2
RNA (Periodic acid-Schiff counterstain; original magnifications ×400

and ×200; bar= 25 µm for B and bar= 50 µm for c). d–f IHC
staining of renal biopsy tissue from three different patients with active
COVID-19 at the time of biopsy shows negative staining in the
parenchyma (hematoxylin counterstain; original magnification ×200;
bars= 50 µm).
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occasionally, superimposed bronchopneumonia [6, 10].
This observation is not surprising given that the main
clinical manifestations involve the lower respiratory system.
However, patients may present with extrapulmonary signs
and symptoms, signaling involvement of the gastro-
intestinal, genitourinary, cardiovascular, and nervous sys-
tems [11–15]. The post-mortem biopsy study of Tian et al.
showed that organs such as the liver and heart, even when
positive for SARS-CoV-2 by RT-PCR, showed only mild,
non-specific histopathologic changes by light microscopic
examination [6]. Electron microscopy studies have been
reported to have some utility to identify viral particles in
affected tissue; however, only few centers have access to
this technology, and identification of viral-like particles by
this methodology is controversial [16, 17]. Therefore, test-
ing methodologies that are readily available to pathology
practices, medical examiner’s offices, and researchers, such
as IHC and ISH, will be essential in understanding organ
involvement and cell-type specific infections by SARS-
CoV-2.

During the 2002–2003 SARS outbreak, ISH and IHC
assays were developed for research and diagnostic pur-
poses, and the tissue and cellular tropism of SARS-CoV-2
was determined [18, 19]. Due to the need for ancillary
diagnostic tissue testing during the COVID-19 pandemic,
Liu et al developed similar assays for SARS-CoV-2. They
evaluated commercially available antibodies, some of
which targeted SARS-CoV-2 epitopes that were con-
served in SARS-CoV-2, while others targeted SARS-
CoV-2 specific glycoproteins, on SARS-CoV-2 infected
formalin-fixed paraffin-embedded cell pellets [20]. The
goal of this study was to expand the repertoire of com-
mercially available antibodies and show their utility on
autopsy and surgical specimens. Furthermore, we
demonstrated that IHC is as sensitive as ISH for the
detection of SARS-CoV-2.

In conclusion, we present a staining protocol and a list of
commercially available antibodies for detection of SARS-
CoV-2 on human formalin-fixed, paraffin-embedded tissue.
The exact protocol can be rapidly applied in laboratories
with the Leica automation or modified using the listed
antibodies to fit the platform available. Widespread vali-
dation and implementation of assays to detect SARS-CoV-2
in tissue will enable advancing the understanding of this
disease.
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